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(54) Ink cartridge and ink jet record apparatus using the ink cartridge 



(57) An ink cartridge is detachably connected to a 
record head and has a plurality of ink storage chambers 
1 1 (containing third ink storage chamber 1 7) for contain- 
ing ink whose concentration gradient occurs and an ink 
flow passage 18 for making the ink storage chambers 



communicate with each other. The ink flow passage 18 
is implemented as such an ink flow passage where ink 
in a high-concentration ink layer a formed in a lower area 
in the ink storage chamber 11 and ink in a low-concen- 
tration ink layer b formed in an upper area flow and 
merge as ink is supplied to the record head. 



FIG. 10(a) 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an ink cartridge for 
supplying ink to a record head, and an ink jet record ap- 
paratus using the ink cartridge. 

[0002] An ink jet record apparatus generally compris- 
es a record head mounted on a carriage and moving in 
the wjdth direction of record paper, and paper feed 
means for moving the record paper relatively in a direc- 
tion orthogonal to the move direction of the record head. 
[0003] Such an ink jet record apparatus prints on 
record paper by ejecting ink droplets from a record head 
based on print data. 

[0004] A record head capable of ejecting black ink, 
yellow ink, cyan ink, and magenta ink, for example, is 
mounted on a carriage, and in addition to text print in 
black ink, full-color print is made possible by changing 
the ink ejection percentage. 

[0005] Thus, ink cartridges for supplying black ink, 
yellow ink, cyan ink, and magenta ink to the record head 
are placed in the main unit of the apparatus. 
[0006] In the ordinary ink jet record apparatus, the ink 
cartridges for supplying black ink, yellow ink, cyan ink, 
and magenta ink are mounted on a carriage, and are 
moved together with the carriage. 
[0007] On the other hand, in this kind of record appa- 
ratus provided for an office or business, for example, to 
deal with a comparatively large amount of print, the 
large-capacity ink cartridge storing each ink is not 
placed on the carriage and is placed in the apparatus 
main unit. 

[0008] A record apparatus of the type wherein main 
tanks as ink cartridges are placed in the apparatus main 
unit (cartridge holder), and subtanks are placed on a 
carriage on which a record head is mounted is also pro- 
vided. Ink is respectively supplied from the main tanks 
to the subtanks via ink supply tubes, and further from 
the subtanks to the record head. 
[0009] In such a record apparatus, to improve 
throughput, such a function is required that can replen- 
ish ink from the main tanks to the subtanks in succession 
to stably supply ink from the subtanks to the record 
head, while print is executed. 

[0010] By the way, nowadays, demand for high-accu- 
racy print quality grows, and there is a tendency of using 
ink containing pigment (pigment ink) : for example, as 
print ink. 

[0011] Such pigment ink has a large particle diameter 
of color material as compared with ink containing a dye 
(dye ink), and pigment is likely to be collected and con- 
centrated in the bottom portion of a cartridge (ink stor- 
age chamber), and therefore a concentration distribu- 
tion (non-uniformity in concentration) easily occurs in 
the ink in the cartridge. 

[0012] Thus, there arises a technical problem in that 
the ink in the cartridge is not sufficiently mixed at the use 



time and uniform print density and quality cannot be ob- 
tained. 

[001 3] It is therefore an object of the invention to pro- 
vide an ink cartridge for making it possible to sufficiently 
5 mix ink in the cartridge at the use time and therefore 
provide uniform print density and quality. Another object 
of the present invention is to provide an ink jet record 
apparatus using the ink cartridge. 

SUMMARY OF THE INVENTION 

[0014] To the end, according to the invention, there is 
provided an ink cartridge being detachably connected 
to a head of a record apparatus and comprising a plu- 
rality of ink storage chambers for containing ink causing 
concentration gradient, and an ink flow passage for 
communicating the ink storage chambers with one an- 
other. In the cartridge, the ink flow passage has such an 
ink flow passage as to cause ink in a high-concentration 
ink layer formed in a lower area in the ink storage cham- 
ber and ink in a low-concentration ink layer formed in an 
upper area in the ink storage chamber to flow and merge 
with each other as ink is supplied to the record appara- 
tus head. 

[0015] Since the ink cartridge is thus configured, 
when ink is supplied to the record apparatus head, the 
ink in the high-concentration ink layer in the ink storage 
chamber and the ink in the low-concentration ink layer 
in the ink storage chamber flow and merge in the ink 
flow passage. 

[001 6] Therefore, the ink in the high-concentration ink 
layer and the ink in the low-concentration ink layer are 
mixed for supply to the record apparatus head, so that 
uniform print density and quality can be obtained. 
[0017] Here, it is desirable that the ink storage cham- 
bers comprise a plurality of upper ink storage chambers 
including a head connection ink storage chamber that 
can be connected to the record apparatus head, and an 
atmosphere open lower ink storage chamber opened to 
the atmosphere in the connection state to the record ap- 
paratus head. 

[0018] Since the ink cartridge is thus configured, ink 
is supplied to the record apparatus head by causing ink 
to flow from the lower ink storage chamber to the upper 
ink storage chamber. 

[0019] It is desirable that the ink flow passage is 
formed with a first communication port opened to the 
inside of the high-concentration ink layer and a second 
communication port opened to the inside of the low-con- 
centration ink layer. 

[0020] Since the ink cartridge is thus configured, 
when ink is supplied to the record apparatus head, the 
ink in the high-concentration ink layer flows through the 
first communication port into the ink flow passage, the 
ink in the low-concentration ink layer flows through the 
second communication port into the ink flow passage, 
and the ink in the high-concentration ink layer and the 
ink in the low-concentration ink layer merge in the ink 
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flow passage. 

[0021] Further, it is desirable that the first communi- 
cation port is disposed at the lowest position in the grav- 
ity direction in the ink storage chamber. 
[0022] Since the ink cartridge is thus configured, the 
ink at the lowest position in the gravity direction in the 
ink storage chamber flows through the first communica- 
tion port into the ink flow passage. 
[0023] Further, it is desirable that the flow amount ra- 
tio between the flow amount a of ink passing through 
the first communication port and the flow amount b of 
ink passing through the second communication port, a: 
b, is set in the range of 1:1 to 1 :3. 
[0024] Since the ink cartridge is thus configured, it is 
possible to avoid such a case that the flow-through re- 
sistance of the first communication port becomes too 
large as compared with that of the second communica- 
tion port (the flow-through resistance ratio becomes in- 
sufficient) and the flow amount of ink passing through 
the first communication port is lessened. 
[0025] A partition wall having both the communication 
ports is provided in the upper ink storage chamber. 
[0026] Since the ink cartridge is thus configured, in 
the upper ink storage chamber, when ink is supplied to 
the record apparatus head, the ink in the high-concen- 
tration ink layer flows through the first communication 
port into the ink flow passage, the ink in the low-concen- 
tration ink layer flows through the second communica- 
tion port into the ink flow passage, and the ink in the 
high-concentration ink layer and the ink in the low-con- 
centration ink layer merge in the ink flow passage. 
[0027] An ink guide path for causing ink to flow from 
a storage chamber upper part to a storage chamber low- 
er part in an ink supply state can also be provided in the 
upper ink storage chamber. 

[0028] Since the ink cartridge is thus configured, in 
the upper ink storage chamber, when ink is supplied to 
the record apparatus head, when ink passes through the 
ink guide path, it flows from the storage chamber lower 
part to the storage chamber upper part while it is mixed. 
[0029] On the other hand, according to the invention, 
there is provided an ink jet record apparatus comprising 
a carriage for mounting a head, that can be reciprocated 
between a print area and a non-print area, using any of 
the ink cartridges described above. 
[0030] According to the configuration, when ink is 
supplied to the record apparatus head, the ink in the 
high-concentration ink layer in the ink storage chamber 
and the ink in the low-concentration ink layer flow and 
merge in the ink flow passage. 

[0031] Therefore, the ink in the high-concentration ink 
layer and the ink in the low-concentration ink layer are 
mixed for supply to the record apparatus head, so that 
there cab be provided the ink jet record apparatus that 
can provide uniform print density and quality. 
[0032] The present disclosure relates to the subject 
matter contained in Japanese patent application Nos. 
2001 -1 48296 (filed on May 1 7, 2001 ), and 2001 -2051 63 



(filed on July 5, 2001 ), which are expressly incorporated 
herein by reference in their entireties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0033] In the accompanying drawings: 

FIG. 1 is a perspective view to show an outline of 
the basic configuration of an ink jet record appara- 
10 tus according to an embodiment of the invention; 

FIGS. 2 (a) and 2 (b) are perspective views to show 
the appearance of the ink cartridge according to a 
first embodiment of the invention; 
FIG. 3 is a perspective view showing the internal 
is structure of the ink cartridge according to the first 
embodiment of the invention as viewed from up- 
ward in a slanting direction; 
FIG. 4 is a perspective view showing the internal 
structure of the ink cartridge according to the first 
20 embodiment of the invention as viewed from down- 
ward in a slanting direction; 
FIG. 5 is a front view to show the internal structure 
of the ink cartridge according to the first embodi- 
ment of the invention; 
25 FIG. 6 is a rear view to show the internal structure 
of the ink cartridge according to the first embodi- 
ment of the invention; 

FIG. 7 is an enlarged sectional view to show a neg- 
ative pressure generation system storage chamber 
30 of the ink cartridge according to the first embodi- 
ment of the invention; 

FIG. 8 is an enlarged sectional view to show a valve 
storage chamber of the ink cartridge according to 
the first embodiment of the invention; 
35 FIG. 9 is a front view to show the connection state 
of the ink cartridge according to the first embodi- 
ment of the invention to a cartridge holder; 
FIGS. 1 0 (a) and 1 0 (b) are sectional views to sche- 
matically show the internal structure of the ink car- 
40 fridge according to the first embodiment of the in- 
vention to describe an ink flow passage in the ink 
cartridge; 

FIG. 11 is a sectional view to schematically show 
the internal structure of an ink cartridge according 
45 to a second embodiment of the invention; 

FIG. 12 is a sectional view to schematically show 
the internal structure of an ink cartridge according 
to a third embodiment of the invention; and 
FIG. 13 is a sectional view to schematically show 
so the internal structure of an ink cartridge according 
to a fourth embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

55 [0034] Referring now to the accompanying drawings, 
preferred embodiments of an ink cartridge and an ink jet 
record apparatus using the ink cartridge incorporating 
the invention will be discussed. 
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[0035] To begin with, an ink jet record apparatus will 
be discussed with reference to FIG. 1. FIG. 1 is a per- 
spective view to show an outline of the general config- 
uration of the ink jet record apparatus according to an 
embodiment of the invention. 

[0036] In FIG. 1 , a carriage indicated by numeral 1 01 
can be reciprocated in the axial direction of a platen 1 05 
as guided by a guide member 1 04 via a timing belt 1 03 
driven by a carriage motor 102. 

[0037] The guide member 1 04 is supported on two left 
and right frames 131 and 132 opposed to each other. 
Both the frames 131 and 132 are joined by a rear plate 
133 and a bottom plate 134. 

[0038] An ink jet record head 112 is mounted on the 
lower face portion of the carriage 101 so that it is op- 
posed to record paper 106. A black ink cartridge 107 
and a color ink cartridge 108 for supplying ink to the 
record head 112 are detachably held on the upper face 
portion of the carriage 101. 

[0039] A capping system 109 having a cap member 
109a is disposed in a non-print area (home position) in 
a movable area of the carriage 1 01 . when the record 
head 1 1 2 moves just above the capping system 1 09, the 
capping system 1 09 can move up so as to seal the noz- 
zle formation face of the record head 1 1 2. A tube pump 
110 as a pump unit to give a negative pressure to the 
internal space of the cap member 1 09a is disposed be- 
low the capping system 109. 

[0040] The capping system 109 has a function as a 
lid for preventing nozzle openings of the record head 
112 from being dried during the nonoperating period of 
the ink jet record apparatus. It also has a function as an 
ink receiver during the flushing operation of applying a 
drive signal not involved in print to the record head 112 
for idly ejecting ink droplets, and a function as a cleaning 
system for causing a negative pressure from the tube 
pump 1 1 0 to act on the record head 1 1 2 for sucking ink. 
[0041] A wiping system 111 comprising an elastic 
plate of rubber etc., is disposed in the proximity of the 
print area side of the capping system 109 so that it can 
advance and retreat in a horizontal direction. When the 
carriage 101 reciprocates on the capping system 109 
side, th e wiping system 1 1 1 can advance into the movi ng 
path of the record head 112. 

[0042] Next, an ink cartridge used with the described 
ink jet record apparatus will be discussed with reference 
to FIGS. 2 to 10. FIGS. 2 (a) and 2 (b) are perspective 
views to show the appearance of the ink cartridge ac- 
cording to a first embodiment of the invention. FIGS . 3 
and 4 are perspective views showing the internal struc- 
ture of the ink cartridge according to the first embodi- 
ment of the invention as viewed from upward and down- 
ward in. a slanting direction. FIGS. 5 and 6 are a front 
view and a rear view to show the internal structure of 
the ink cartridge according to the first embodiment of the 
invention. FIGS. 7 and 8 are enlarged sectional views 
to show a negative pressure generation system storage 
chamber and a valve storage chamber of the ink car- 



tridge according to the first embodiment of the invention. 
FIG. 9 is a front view to show the connection state of the 
ink cartridge according to the first embodiment of the 
invention to a cartridge holder. FIGS. 10 (a) and 10 (b) 
5 are sectional views to schematically show the internal 
structure of the ink cartridge according to the first em- 
bodiment of the invention to describe an ink flow pas- 
sage in the ink cartridge. 

[0043] An ink cartridge 1 shown in FIGS. 2 (a) and 2 
(b) (black ink cartridge 107, color ink cartridge 108 in 
FIG. 1) has a container main body 2 having an almost 
flat shape rectangular in a plane view, which is opened 
to one side, and also has a lid body 3 for sealing the 
opening of the container main body 2. 
[0044] The container main body 2 is formed in the low- 
er portion with an ink supply port 4 that can be connected 
to an ink supply needle 72 of a record head 112 (both 
are shown in FIG. 9). Retention members 5 and 6, which 
can be attached to and detached from a cartridge holder, 
are provided integrally on the upper sides of the con- 
tainer main body 2. A memory device 7 is disposed be- 
low one retention member 5, and a valve storage cham- 
ber 8 is disposed below the other retention member 6. 
[0045] The ink supply port 4 stores a valve body (not 
shown) therein, which is opened and closed as the ink 
supply needle is inserted and removed. 
[0046] As shown in FIG. 8, the valve storage chamber 
8 has an internal space opened to the cartridge insertion 
side (lower side), so that an identification piece 73 
(shown in FIG. 9) and a valve operation rod 70 on the 
record apparatus matching with the ink cartridge 1 can 
advance and retreat in the internal space. The upper 
part of the internal space contains an operation arm 66 
rotated as the valve operation rod 70 advances and re- 
treats, and an identification convex part(s) 68 for deter- 
mining whether or not the ink cartridge matches with a 
given record apparatus is formed in the lower part of the 
internal space. The identification convex part 68 is dis- 
posed at such a position as to complete the determina- 
tion by the valve operation rod 79 (the identification 
piece 73) of a cartridge holder 71 (shown in FIG. 9) be- 
fore the ink supply needle 72 is made to communicate 
with the ink supply port 4 (before an atmospheric open 
valve described later is opened). 
[0047] A through hole 60 opened and closed by the 
opening and closing operation of an atmospheric open 
valve 601 is formed in a chamber wall 8a of the valve 
storage chamber 8, as shown in FIG. 8. The operation 
arm 66 is placed on one opening side of the through 
hole 60, and the atmospheric open valve 601 is placed 
on the other opening side of the through hole 60. The 
operation arm 66 has an operation part 66b for pressing 
a press member 61 , and is disposed to project in an up- 
ward slanting direction into the entry path of the valve 
operation rod 70, and is fixed to the container main body 
2 through a rotation supporting point 66a. 
[0048] The press member 61 is attached to the cham- 
ber wall 8a so as to close the through hole 60, and the 
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whole of the press member 61 is formed of an elastic 
member of rubber, etc. The internal space formed be- 
tween the press member 61 and the opening peripheral 
margin of the through hole 60 is opened to a through 
hole 67 communicating with a first ink storage chamber 
11 (both are shown in FIG. 5). 

[0049] The atmospheric open valve 601 has a valve 
body 65 urged constantly against the opening peripheral 
margin of the through hole 60 as shown in Fig. 8. The 
valve body 65 has an elastic member 62, the movement 
of which is regulated by a projection 64, and the elastic 
member 62 is fixed at a lower end part to the container 
main body 2 through a projection 63. 
[0050] Next, the internal space of the container main 
body 2 (inside of the ink cartridge) will be discussed. The 
inside of the ink cartridge is mainly constructed by an 
ink flow passage system and an airflow passage sys- 
tem, and therefore the ink flow passage system and the 
air flow passage system will be discussed separately. 
The main part of the invention is directed to the ink flow 
passage having a complicated structure wherein ink in 
a high-concentration ink layer and ink in a low-concen- 
tration ink layer flow and merge (passage where ink 
flows in the ink cartridge), and therefore the ink flow pas- 
sage system will be discussed particularly in detail. The 
ink flow passage system will be discussed in the order 
of "ink flow operation" and "configuration of ink flow pas- 
sage". 

[Ink flow passage system] 
[Ink flow operation] 

[0051] When ink supply to the record head 112 
(shown in FIGS. 1 and 9) is started, ink in a high-con- 
centration ink layer a in the first ink storage chamber 1 1 
flows from a communication port 1 9a via a communica- 
tion port 18a (shown in FIG. 5) into a communication 
flow passage (flow passage connecting the first ink stor- 
age chamber 11 and a second ink storage chamber 1 6) 
18. On the other hand, ink in a low-concentration ink 
layer b in the first ink storage chamber 11 flows from a 
communication port 1 9b via the communication port 1 8a 
into the communication flow passage 18. The ink in the 
high-concentration ink layer a and the ink in the low-con- 
centration ink layer b flowing into the communication 
flow passage 1 8 merge and further move up in the com- 
munication flow passage 1 8 to flow toward the second 
ink storage chamber 16. 

[0052] In this case, the communication ports 19a and 
18a are disposed at the same height positions, so that 
the ink in the first ink storage chamber 11 is introduced 
into the second ink storage chamber 1 6 along the com- 
munication flow passage 18 without being left. 
[0053] In FIGS. 10to 13 (FIG. 11 shows a second em- 
bodiment, FIG. 13 shows a third embodiment, and FIG. 
13 shows a fourth embodiment), the communication 
port 18a is not shown. 



[0054] Next, the ink flowing from the first ink storage 
chamber 1 1 via the communication flow passage 1 8 into 
the second ink storage chamber 16 merges with the ink 
in the high-concentration ink layer a in the second ink 
5 storage chamber 1 6, and further passes through a com- 
munication port 15a of a vertical wall 15, flows into a 
third ink storage chamber 17, and passes through a 
communication port 26a of a partition wall 26, as indi- 
cated by the arrows in FIG. 10 (a). The ink passing 
10 through the communication port 26a of the partition wall 
26 passes through a communication port 27a of a par- 
tition wall 27, and further moves up in an ink flow pas- 
sage 28, and flows through a communication port 24a 
into a filter chamber 34, as indicated by the arrows in 
FIG. 10(a). 

[0055] After this, the ink passes through through holes 
25a of a partition wall 25, and flows into a differential 
pressure regulating valve storage chamber 33, and as 
a differential pressure regulating valve (membrane 52 
shown in FIG. 7) is opened, the ink passes through a 
through hole 52c and arrives at the ink supply port 4 via 
a recess part 35, as shown in FIG. 10 (b). 

[Configuration of ink flow passage] 

[0056] The ink cartridge 1 is formed with an internal 
space by joining the lid body 3 to the container main 
body 2 and further joining an air shield film to the rear 
of the container main body 2. The internal space is di- 
vided into upper and lower parts by a partition wall 10 
extending slightly downward toward the ink supply port 
side opposed to the record head 11 2, as shown in FIGS. 
3 to 5. The lower area of the internal space provides the 
first ink storage chamber 11 opened to the atmosphere 
in the connection state to the record head 112. On the 
other hand, the upper area of the internal space is de- 
fined by a frame 1 4 with the partition wall 1 0 as a bottom 
part. The internal space of the frame 14 is divided into 
left and right parts by the vertical wall 1 5 having the com- 
munication port 15a. One of the areas into which the 
internal space is divided provides the second ink stor- 
age chamber 1 6, and the other area provides the third 
ink storage chamber 1 7. 

[0057] A communication flow passage 18 communi- 
cating with the first ink storage chamber 1 1 is connected 
to the second ink storage chamber 16. The communi- 
cation flow passage 18 has communication ports 18a 
and 1 8b at lower and upper positions, and is defined by 
a vertically extending recess part 1 8c (shown in FIG. 6) 
opened to the rear of the container main body 2 and an 
air shield film for closing and sealing the opening of the 
recess part 1 8c. A partition wall 1 9 having two lower and 
upper communication ports 19a and 19b communicat- 
ing with the inside of the first ink storage chamber 11 is 
provided upstream from the communication flow pas- 
sage 18. The communication port (first communication 
port) 19a is disposed at a position opened to the inside 
of the high-concentration ink layer a (shown in FIG. 10 
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(a)) formed in the lower area in the tirst ink storage 
chamber 11 . The communication port (second commu- 
nication port) 19b is disposed at a position opened to 
the inside of the low-concentration ink layer b formed in 
the upper area in the first ink storage chamber 11 . Ac- 
cordingly, such an ink flow passage (compartment) is 
formed wherein the ink passing through the communi- 
cation ports 1 9a and 1 9b from the first ink storage cham- 
ber 11 flows into the lower communication port 18a of 
the communication ports 18a and 18b. 
[0058] On the other hand, the third ink storage cham- 
ber 1 7 is formed with the differential pressure regulating 
valve storage chamber 33 (shown in FIG. 6) for storing 
the differential pressure regulating valve 52 (membrane 
valve) and the filter chamber 34 (shown in FIG. 5) for 
storing a filter 55 (shown in FIG. 7) by a laterally elon- 
gating partition wall 22 and an annular partition wall 24. 
The partition wall 25 is formed with the through holes 
25a for introducing ink (pigment) passed through the fil- 
ter 55 into the differential pressure regulating valve stor- 
age chamber 33 from the filter chamber 34. 
[0059] The partition wall 24 is formed at a lower part 
with the partition wall 26 having the communication port 
26a between the partition wall 24 and the partition wall 
10, and is formed on one side with the partition wall 27 
having the communication port 27a between the parti- 
tion wall 24 and the frame 14. The communication pas- 
sage 28 communicating with the communication port 
27a and extended in the up and down direction is pro- 
vided between the partition wall 27 and the frame 14. A 
through hole 29 communicating with the filter chamber 
34 through the communication port 24a and an area 31 
is defined to be continuous to an upper part of the com- 
munication passage 28. 

[0060] The through hole 29 is formed by a partition 
wall (annular wall) 30 continuous to the partition wall 27. 
[0061 ] The area 31 is formed by the partition walls 24 
and 30 and a partition wall 30a (shown In FIG. 6). The 
area 31 is formed deep at one end part of the container 
main body 2 (portion communicating with the through 
hole 29) and shallow at an opposite end part (portion 
communicating with the filter chamber 34). 
[0062] The differential pressure regulating valve stor- 
age chamber 33 stores a spring 50 implemented as a 
helical compression spring, and the membrane valve 52 
as a differential pressure regulating valve that can be- 
come elastically deformed, such as an elastomer, hav- 
ing a through hole 52c, as shown in FIG. 7. The mem- 
brane valve 52 has an outer peripheral margin fixed 
through an annular thick part 52a to the container main 
body 2. The spring 50 is supported at one end part by 
a spring bracket part 52b of the membrane valve 52, 
and at an opposite end part by a spring bracket part 53a 
of the lid body 53. 

[0063] Numeral 54 denotes a frame formed integrally 
with the thick part 52a of the membrane valve 52. Nu- 
merals 56 and 57 denote air shield films disposed on 
the front and the rear of the container main body 2. 



[0064] The filter 55 for allowing ink to pass through 
and capturing dust, etc., is placed in the filter chamber 
34, as shown in FIG. 7. The openings of the filter cham- 
ber 34 and the differential pressure regulating valve 
5 storage chamber 33 are sealed with liquid (ink, air) 
shield films. Accordingly, when the pressure in the ink 
supply port 4 lowers, the membrane valve 52 is sepa- 
rated from a valve sheet part 25b against the urging 
force of the spring 50. Thus, ink passed through the filter 
55 passes through the through hole 52c, and flows into 
the ink supply port 4 through the flow passage formed 
by the recess part 35. When the ink pressure in the ink 
supply port 4 rises to a predetermined value, the mem- 
brane valve 52 sits in the valve seat part 25b by the urg- 
15 ing force of the spring 50, shutting off the flow of ink. 
Such operation is repeated, whereby ink is supplied to 
the ink supply port 4 while a constant negative pressure 
is maintained. 



[0065] As shown in FIG. 6, the container main body 2 
is formed on the rear with a meander groove 36 for rais- 
ing flow passage resistance, a wide recessed groove 37 

25 opened to the atmosphere, and a recess part 38 (space 
part) almost rectangular in a plan view, which is adjacent 
with the second ink storage chamber 16 through a par- 
tition wall 602. The recess part 38 is provided with a 
frame 39 and ribs 40, onto which an air permeable film 

30 is stretched and fixed, thereby forming an atmospheric 
ventilation chamber. A through hole 41 is made in the 
bottom part (wall part) of the recess part 38, and is made 
to communicate with an elongated area 43 defined by 
the partition wall 42 (shown in FIG. 5) of the second ink 

35 storage chamber 16. The area 43 has a through hole 

44, and is made to communicate with the atmospheric 
open chamber 501 (shown in FIG. 8) through a commu- 
nication groove 45 defined by a partition wall 603 and a 
through hole 46 opened to the communication groove 

40 45. 

[0066] According to the configuration, when the ink 
cartridge 1 is. mounted to the cartridge holder 71 as 
shown in FIG. 9, the valve operation rod 70 of the car- 
tridge holder 71 abuts the operation arm 66 of the ink 

45 cartridge 1 shown in FIG. 8 for moving the convex part 
66b (press member 61) to the valve body side. Accord- 
ingly, the valve body 65 is separated from the opening 
peripheral margin of the through hole 60 : so that the first 
ink storage chamber 11 shown in FIG. 5 is opened to 

50 the recess part 38 (atmosphere) shown in FIG. 6 
through the through holes 67, 60; and 46, the groove 

45, the through hole 44, the area 43, the through hole 
41 , etc. A valve body (not shown) in the ink supply port 
4 is opened by insertion of the ink supply needle 72. 

55 [0067] As the valve body in the ink supply port 4 is 
opened and ink (pigment ink) is consumed by the record 
head 112, the pressure of the ink supply port 4 falls be- 
low a stipulated value. Thus, the membrane valve 52 in 
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the differential pressure regulating valve storage cham- 
ber 33 shown in FIG. 7 is opened (If the pressure of the 
ink supply port 4 rises above the stipulated value, the 
membrane valve 52 is closed), ink in the differential 
pressure regulating valve storage chamber 33 of the up- 
per ink storage chamber flows into the record head 1 1 2 
through the ink supply port 4. 

[0068] Further, as consumption of ink in the record 
head 1 1 2 proceeds, ink in the first ink storage chamber 
1 1 , i.e. the lower ink storage chamber, flows into the sec- 
ond ink storage chamber 1 6 through the communication 
flow passage 18 shown in FIG. 5. 
[0069] In this case, ink in the high-concentration ink 
layer a (shown in FIG. 10 (a)) positioned in the lower 
area of the first ink storage chamber 11 flows into the 
communication flow passage 18 (shown in FIG. 6) 
through the communication port 19a (shown in FIG. 5), 
and ink in the low-concentration ink layer b (shown in 
FIG. 1 0 (a)) positioned in the upper area of the first ink 
storage chamber 11 flows into the communication flow 
passage 1 8 through the communication port 1 9b, so that 
the ink in the high-concentration ink layer a and the ink 
in the low-concentration ink layer b merge in the com- 
munication flow passage 18. 

[0070] On the other hand, as ink is consumed, air 
flows in through the through hole 67 (shown in FIG. 5) 
communicating with the atmosphere, and the ink liquid 
level in the first ink storage chamber 11 lowers. As ink 
is further consumed and the ink liquid level reaches the 
communication port 19a, ink from the first ink storage 
chamber 11 (opened to the atmosphere through the 
through hole 67 at the ink supplying time) flows into the 
second ink storage chamber 16 via the communication 
flow passage 18 together with air. Since bubbles are 
moved up by a buoyant force, only the ink flows into the 
third ink storage chamber 17 through the communica- 
tion port 15a in the lower part of the vertical wall 15, 
passes through the communication port 26a of the par- 
tition wall 26 from the third ink storage chamber 17, 
moves up in the communication passage 28, and flows 
into the upper part of the filter chamber 34 from the com- 
munication passage 28 through the area 31 and the 
communication port 24a. 

[0071 ] After this, the ink in the filter chamber 34 pass- 
es through the filter 55 shown in FIG. 7, flows into the 
differential pressure regulating valve storage chamber 
33 from the through holes 25a, further passes through 
the through hole 52c of the membrane valve 52 sepa- 
rated from the valve seat part 25b, and then moves 
down in the recess part 35 shown in FIG. 6 and flows 
into the ink supply port 4. 

[0072] The ink is thus supplied from the ink cartridge 
to the record head. 

[0073] Therefore, in the embodiment, the ink in the 
high-concentration ink layer a and the ink in the low-con- 
centration ink layer b are mixed for supply to the record 
head 1 1 2, so that occurrence of variations in the ink con- 
centration can be suppressed and uniform print density 



and quality can be provided. 

[0074] If a different kind of ink cartridge 1 is mounted 
to the cartridge holder 71 , before the ink supply port 4 
arrives at the ink supply needle 72, the identification 

5 convex part 68 (shown in FIG. 8) abuts the identification 
piece 73 (shown in FIG. 9) of the cartridge holder 71, 
thereby inhibiting entry of the valve operation rod 70. 
Therefore, occurrence of trouble as a different kind of 
ink cartridge is mounted can be prevented. In this state, 

10 the valve operation rod 70 does not arrive at the opera- 
tion arm 66 either, and thus the valve body 65 is main- 
tained in the closed valve state, preventing evaporation 
of the ink solvent in the first ink storage chamber 11 as 
it is left standing. 

15 [0075] On the other hand, if the ink cartridge 1 is re- 
moved from the mounting position in the cartridge holder 
71 , the operation arm 66 is elastically restored because 
it is no longer supported by the operation rod 70, and 
the valve body 65 is elastically restored accordingly to 

20 close the through hole 60, so that communication be- 
tween the recess part 38 and the first ink storage cham- 
ber 11 is shut off. 

[0076] The ink flow passage in the embodiment has 
been described as such an ink flow passage wherein 
25 the ink in the high-concentration ink layer a and the ink 
in the low-concentration ink layer b in the first ink storage 
chamber 1 1 flow at the ink supply time and merge in the 
communication flow passage 18, but the invention is not 
limited to it. The ink flow passage may be that shown in 
30 FIG. 1 1 (second embodiment) or shown in FIG. 1 2 (third 
embodiment). In this case, the ink in the high-concen- 
tration ink layer and the ink in the low-concentration ink 
layer can be mixed several times and the ink mixing per- 
centage can be raised correspondingly an increase in 
35 the number of mixing times. 

Second embodiment 

[0077] As shown in FIG. 11, in a third ink storage 
40 chamber 1 7, a vertical wall 1 5 is formed with a commu- 
nication port 1 5a opened to the inside of a high-concen- 
tration ink layer a and a communication port 1 5b opened 
to the inside of a low-concentration ink layer b (the open 
area is about three times that of the communication port 
45 15a). The communication port 15a is placed at the low- 
est position in the gravity direction in a second ink stor- 
age chamber 16. 

[0078] Accordingly, when ink is supplied to a record 
head 1 1 2, ink flowing into the second ink storage cham- 

50 ber 16 from a first ink storage chamber 11 merges with 
ink in the high-concentration ink layer a in the second 
ink storage chamber 16 to pass through the communi- 
cation port 15a, and also merges with ink in the low- 
concentration ink layer b to pass through the communi- 

55 cation port 15b, as indicated by the arrows in FIG. 11 . 
The ink passing through the communication ports 15a 
and 1 5b merges in the lower area of the third ink storage 
chamber 17 (high-concentration ink layer a) to flow to- 
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ward a communication port 26a of a partition wall 26. 
[0079] In the embodiment, the case where the flow 
amount ratio between the flow amount a of ink passing 
through the communication port 15a and the flow 
amount b of ink passing through the communication port 
15b, a:b, is set to 1:3 (the open area of the communica- 
tion port is about three times that of the communication 
port 15a) has been described, but the invention is not 
limited to it and the flow amount ratio a:b may be set in 
the range of 1 : 1 to 1 :3. In this case, if the flow amount 
ratio a:b is set outside the range of 1:1 to 1 :3, the flow- 
through resistance of the communication port 15a be- 
comes too large as compared with that of the commu- 
nication port 15b (the flow-through resistance ratio be- 
comes insufficient), and the flow amount of ink passing 
through the communication port 1 5a is lessened. 

Third embodiment. 

[0080] As shown in FIG. 12, in a third ink storage 
chamber 1 7, a partition wall 51 having a communication 
port 51a opened to the inside of a high-concentration 
ink layer a and a communication port 51 b opened to the 
inside of a low-concentration ink layer b is disposed be- 
tween partition walls 24 and 27. 
[0081] Accordingly, ink passing through a communi- 
cation port 26a of a partition wall 26 in the lower area of 
the third ink storage chamber 1 7 (high-concentration ink 
layer a) merges with ink in the high-concentration ink 
layer a on the left of the partition wall 26 to pass through 
the communication port 51a, and also merges with ink 
in a low-concentration ink layer b on the left of the par- 
tition wall 24 to pass through the communication port 
51 b, as indicated by the arrows in FIG. 1 2. The ink pass- 
ing through the communication ports 51 a and 51 b merg- 
es in the lower area (high-concentration ink layer a) be- 
tween the partition walls 27 and 5 1 to flow toward a com- 
munication port 27a of the partition wall 27. 
[0082] Thus, in each of the first to third embodiments, 
the case where the partition walls are formed with the 
communication ports to mix ink has been described, but 
the invention is not limited to it, and an ink guide path 
61 as shown in FIG. 1 3 (fourth embodiment) may be pro- 
vided in a filter chamber 34 to mix ink. 
[0083] As shown in FIG. 13, the ink guide path 61 is 
formed so that it extends along the inner peripheral sur- 
face of a partition wall 24, and is opened to an area 31 
(shown in FIG. 5) and the inside of the filter chamber 34. 
In the filter chamber 34, when ink is supplied, ink from 
the area 31 (communication port 24a) is made to flow 
from an upper part to a lower part. 
[0084] Accordingly, when ink is supplied to a record 
head 112, ink passing through the area 31 is guided 
along the ink guide path 61 to the lower part of the filter 
chamber and flows from the lower part of the filter cham- 
ber to a through hole 25a (through hole made in the up- 
per part of the filter chamber) while it is mixed, as indi- 
cated by the arrows in FIG. 13. 



[0085] As seen in the description made above, ac- 
cording to the ink cartridge and the ink jet record appa- 
ratus using the ink cartridge according to the invention, 
the ink in the cartridge can be sufficiently mixed at the 
5 use time, so that uniform print density and quality can 
be obtained. 



Claims 

1 . An ink cartridge for a recording apparatus, compris- 
ing a plurality of ink storage chambers forcontaining 
ink, and an ink flow passage for communicating the 

. ink storage chambers with one another, wherein: 

the ink flow passage has such an ink flow pas- 
sage as to cause ink in a lower area in the ink 
storage chamber and ink in an upper area in 
the ink storage chamber to flow and merge with 
each other. 

2. An ink cartridge for a recording apparatus, compris- 
ing: 

a container having ink compartments adjacent 
to each other and an ink supply port; 
a filter located in an upstream side with respect 
to the ink supply port in an ink flow direction; 
a partition wall partitioning the adjacent ink 
compartments one from the other, and being lo- 
cated in an upstream side with respect to the 
filter in the ink flow direction; 
first and second communication ports formed 
through the partition wall, and respectively lo- 
cated at upper and lower positions in a gravity 
direction when the ink cartridge is mounted to 
the recording apparatus. 

3. The ink cartridge as claimed in claim 2, wherein the 
40 first communication ports at the upper position is 

larger in area than the second communication port 
at the lower position. 



4. The ink cartridge as claimed in claim 2, wherein: 

45 

the container has upper ink storage chambers 
communicating with one another, and a lower 
ink storage chamber communicating with one 
of the upper ink storage chambers via a com- 
so munication flow passage; and 

the ink compartments correspond to the upper 
ink storage chambers. 

5. The ink cartridge as claimed in claim 2, wherein: 

55 

the container has an upper ink storage cham- 
ber, and a lower ink storage chamber commu- 
nicating with the upper ink storage chamber via 
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a communication flow passage, 
the partition wall divides the lower ink storage 
chamber into the first compartment in which the 
communication flow passage is opened, and 
the second compartment communicating via 
the first and second communication ports and 
the first compartment with the communication 
flow passage. 

The ink cartridge as claimed in claim 2, wherein a 
flow amount ratio between flow amount a of ink 
passing through the second communication port 
and flow amount b of ink passing through the first 
communication port, a:b, is set in a range of 1:1 to 
1:3. 
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FIG. 3 
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FIG. 6 
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FIG. 7 
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